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Qualitative methods to determine the nutri-
tional requirements of the genus microsporum on
artificial media demonstrated that the nutritional
requirements for this group of fungi varied with
individual species. A partial deficiency for
thiamine was also observed (1). In this original
study, gross readings did not represent accurate
determinations of growth development of the
organism because a uniform measured inoculum
was not used. This also explains the inability of
the investigator to determine the amount of
growth in the substrate. Visual measurement of
the size of the colony is an inaccurate method of
determining the density and weight of the myce-
lial mat, therefore, investigation of the nutritional
requirements of the microsporum group of fungi
must be performed on a quantitative basis.
It is the purpose of this study to determine
the nutritional requirements of the genus micro-
sporum on artificial media employing quantita-
tive methods.
METIIODS AND MATERIALS
Organism studied: Stock cultures on
Sabouraud's medium of each of 3 strains of the 3
species, M. audouini, M. canis, and M. gypseum
were used. The 3 strains of each species were
pooled. This was done because of the lack of sig-
nificant qualitative nutritional differences in the
various normal strains of each species of the genus
demonstrated in the earlier work.
General Technic: Two week old cultures on
Sabouraud's medium were used to prepare the
inoculum for all experiments. 5 cc of sterile normal
saline solution was added to each tube and the
surface growth was carefully removed with a loop
avoiding the 'inclusion of agar. This mixture was
filtered through sterile gauze in a Bückner funnel.
The filtrate was placed in sterile tubes. This
technic was developed by Ryan (2).
Preparation of Glassware: All glassware used in
the experiment was washed in green soap and
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lysol solution, and rinsed in distilled water. The
tubes were filled with 10% potassium dichromate
solution and allowed to stand overnight. The
glassware was rinsed in distilled water and then
autoclaved.
Preparation of a uniform inoculum: The spore
suspension was agitated for 5 minutes, then using
a standard blood counting chamber and a white
blood count pipette, a spore count was performed
using a dilution of 1—10 in cotton blue stain. The
spores on the 4 large squares were counted and
multiplied by 25. This follows a technic previously
reported (3). The following spore counts were
obtained: M. audouini 300 spores per cu/mm;
M. canis 350 spores per cu/mm; and M. gypseum
450 spores per cu/mm. The stock suspensions were
stored in the refrigerator. Prior to use in each of
the experiments tubes containing the spore sus-
pension were agitated for 5 minutes. An inocula-
tion of 0.25 cc of the respective suspension was
made in each experiment using a sterile pipette.
Media employed: A semi-solid medium was
employed throughout the experiments. Table I
shows the formula that was used:
Ryan's (4) method of purification of agar is as
follows: One lb. of plain agar is placed in a 5
gallon carboy with water and vigorously agitated.
After 30 minutes the supernatant fluid is decanted.
This is repeated 15 times after which the mixture
is filtered through coarse paper using a large
Bückner funnel and suction. The supernatant
fluid is decanted. The agar in the carboy is covered
with 95% alcohol and allowed to stand for 3 hours
before filtration. An equal amount of 95% alcohol
is brought to the boiling point and the agar is
added to it. The mixture is cooled and filtered.
The agar is dried in air on wax paper in a dust free
room. The resulting product is a clean white pow-
der.
A mineral solution 0.1 ml per liter of medium
was utilized to furnish minerals.
H2BO3
CuSO45H2O
Fe (NH4) (SO4) 6H2O
MnSO44H2O 8.1 mgr.
(NH4)MoO24.4H2O 3.6 mgr.
ZnSO4.7H2O 79.0 mgr.
Distilled HO 100.0 c.c.
pH 5.5 was obtained by adding NaOH(2N)
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TABLE I
Basic Medium
Nitrogen source (Varied in each
experiment) 1.4 gram
Dextrose 30.0 gram
(neutralized)
K112P04 1.5 gram
MgSO4. 71120 0.5 gram
Agar (Purified) 9.0 gram
Distilled 1120 q.s. 1 liter
EXPERIMENT I
Twenty-five cc of semi-solid medium was care-
fully measured into 125 cc Erlenmeyer flasks
stoppered with gauze and autoclaved at 15 lbs.
pressure for 15 minutes. After cooling, these
flasks were stored in a refrigerator until ready
for inoculation.
The nitrogen compounds studied included:
histidine, arginine, glycine, lysine, valine, cystine,
aspartic acid, ammonium sulfate, ammoniuni
nitrate, casein hydrolysate (control), asparagine,
tryptophane, proline, leucine, beta-alanine, me-
thionine, tyrosine, aipha-alanine, glutamine,
cysteine, threonine, hydroxyproline, serine. One
and four tenth grams per liter of each of these
substances was carefully weighed on an analytical
balance and incorporated into the basic medium.
Six flasks containing the medium were inocu-
lated for each of the amino acids, and readings
were made. The following technic previously
described (5, 6) for weighing the mycelial mat
was used. After 17 days the flasks were autoclaved
to kill the organisms. Whatman 4 filter paper
was cut to fit the Bückner funnel and weighed on
an analytical balance. After this, the media was
filtered and washed with hot water to remove the
agar. By this procedure the mycelial mat was
cooled on the filter paper. This was dried in the
electric oven between 80 to 100°C for 45 minutes
and then weighed on an analytical balance. The
difference in weight between the filter paper and
the ifiter paper plus the mycelial mat was re-
corded as the quantitative weight of the mycelial
mat.
The control used throughout this study was
casein hydrolysate (1). Control media contained
20 cc of 10% vitamin free casein hydrolysate in
980 cc of basic medium. An additional control of
Sabouraud's media was used.
Results of Experiment 1: The variation in
the individual weights of the six flasks was slight
TABLE II
Average Weights of Mycelia Mats. Quantitative
Nitrogen Study
M. audo-
uini 3
strains
U. canis
3
strains
U. Gyp-
seum 3
strains
gm
Arginine 0.030 0.010 0.020
Histidine 0.040 0.030 0.020
Lysine 0.005 0.020 0.010
Glycine 0.005 0.020 0.040
Asparagine 0.0917 0.035 0.035
Aspartic acid 0.0066 0.0066 0.040
Valine 0.0066 0.010 0.030
Ammonium nitrate.... 0.010 0.030 0.040
Casein hydrolysate.... 0.120 0.110 0.140
Sabouraud's media.... 0.110 0.120 0.140
Serine 0.020 0.040 0.050
Alanine 0.015 0.050 0.050
Tryptophane 0.020 0.020 0.020
Proline 0.010 0.010 0.020
Ammonium sulfate.... 0.020 0.033 0.040
Leucine 0.020 0.020 0.020
Beta-alanine 0.020 0.020 0.020
Methionine 0.020 0.020 0.020
Tyrosine 0.002 0.0025 0.002
Alpha-alanine 0.002 0.0030 0.004
Glutamine 0.002 0.0023 0.0032
Cysteine 0.0036 0.0021 0.0023
Threonine 0.0038 0.0022 0.0023
Hydroxyproline 0 0 0
Cystine 0.020 0.030 0.040
for each nitrogen source. The average of the
weights of the mycelial mats in the six flasks is
recorded in table II.
Experiment : In the qualitative study of
microsporum growth, the addition of various
vitamins did not cause a gross change in the
growth rate of the organisms (1). Utilizing the
technic employed in experiment t 1, the effect
of the addition of vitamins to the amino acids in
the medium was studied. The following nitrogen
sources were used in this experiment: Glycine,
lysine, valine, aspartic acid, ammonium nitrate
and serine. Each liter of media contained 400
micrograms of thiamine, 400 micrograms pyri-
doxine, 400 micrograms nicotinic acid, 400 micro-
grams calcium-pantothenate, 400 micrograms
riboflavin, 400 micrograms folic acid, 400 micro-
grams of cobalamin concentrate (B12), 4.0
micrograms of biotin and 20,000 micrograms of
inositol.
Results of Experiment : The addition of the
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vitamins made no appreciable change in the
weight of the mycelial mat, regardless of the
nitrogen source used. (see table III).
Experiment 3: Qualitative studies (1, 8)
with thiamine antagonists such as neopyrithi-
amine indicated that M. audouini was partially
deficient for thiamine. Earlier studies (1) indi-
cated that this only occurred when casein hy-
drolysate was used as the nitrogen source. The
partial deficiency was demonstrated by repeated
subcultures (5 or 6 times) of a washed suspension
myceia and spores on thiamine deficient medium.
It has been postulated (1, 8) that the minute
amount of thiamine the organism needed was
obtained from Sabouraud's medium but was
exhausted by repeated transfers to a thiamine
deficient medium. On the sixth subculture no
growth was obtained. In this study, this experi-
TABLE III
Comparison of Growth Weights with and without
Vitamins
Organism Amino acid plus Amino acid Casei0hy
M. audouini glycine
0.005 gm
glycine
0.005
control
0.120
M. audouini lysine
0.005
lysine
0.005 0.120
M. audouini valine
0.007
valine
.0066 0.120
M. gypseum lysine
0.010
lysine
0.010 0.140
M. canis glycine
0.020
glycine
0.020 0.110
M. canis aspartic
acid
0.010
aspartic
acid
.0066 0.010
M. audouini ammoni-
urn ni-
trate
0.010
ammoni-
urn ni-
trate
0.010 0.120
M. gypseum serine serine
0.050 0.050 0.140
ment was repeated with the washed spore suspen-
sion, utilizing the technic employed in experi-
ments 1 and 2, and subcultures were made at 2
week intervals for 6 times.
Results of Experiment 3: The results obtained
in this study were completely at variance with
the early qualitative studies. In the qualitative
studies mycelia and spores were the inoculum,
but in this experiment a quantitative spore
suspension was used. (See table IV). The average
mycelial weights varied from 0.110 to 0.130
grams (0.120 average), which was not significant.
The significant fact was that these strains of M.
audouini are autotrophic apparently.
DI5CU5SION
Quantitative methods are superior to qual-
itative methods because more definitive results
can be demonstrated. Utilizing the technics
described in the three experiments, it is pos-
sible to record specific variations in weights
of the mycelial mat and variations which occur
following the use of various amino acids and
vitamins. If a mycelial mat weighing 30 to 50
mgs. is considered good growth, a mat weighing
10 to 30 mgs. as moderate growth, and one
weighing up to 10 mgs. as poor growth, variations
from the qualitative studies can readily be shown
in TableV. Incontrast to the qualitative observa-
tions previously reported (1), the quantitative
studies disclose that lysine, glycine, aspartic
acid, valine and ammonium nitrate are of little
value as nitrogen sources for the production of
M. audouini growth on artificial medium. Serine
was confirmed as poor for M. audouini. Tyrosine,
alpha-alanine, glutamine, cysteine and thiamine
and hydroxyproline, were found poor for all
species in both studies. Another contrast noted in
the quantitative study is that arginine, aspartic
acid and valine are poor nitrogen sources for the
growth of M. canis and lysine is found to be a
poor nitrogen source for M. gypseum. These are
Thiamine Requirements of M. Audouini in Grams
1st 2nd 3rd 4th 5th 6th
Casein Hydrolysate plus vitamins but thiamine free...
Casein Hydrolysate with all vitamins
Casein Hydrolysate plus thiamine alone
Casein Hydrolysate without all vitamins
0.120
0.130
0.120
0.120
0.130
0.130
0.110
0.110
0.115
0.115
0.120
0.115
0.110
0.110
0.115
0.130
0.110
0.120
0.120
0.110
0.130
0.130
0.110
0.125
TABLE IV
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TABLE V
Essentiality of Amino Acids (qualitative)
Good Growth All Species Moderate Growth All Species
1. Sabouraud's control
2. Histidine
3. Arginine
4. Glycine
5. Lysine
6. Valine
7. Cystine
8. Aspartic acid
9. Ammonium Sulfate
10. Ammonium Nitrate
11. Casein hydrolysate
12. Asparagine
-
1. Tryptophane
2. Proline
3. Leucine
4. Beta alanine
5. Methionine (slow mi-
tial growth)
Poor Growth All Species
1. Tyrosine
2. Alpha alanine
3. Glutamine
4. Cysteine
5. Threonine
Good Growth Cones and Gyp-
seum Strains Only Poor for
At. Audousns Strains. No Growth
1. Serine
2. Phenylalanine
1. Hydroxyproline
striking findings and reflect the inadequacy of
qualitative gross macroscopic methods in nutri-
tional investigation of the growth of fungi. The
controls revealed the complete nutrition furnished
in contrast to the growth produced by individual
nitrogen sources.
This study demonstrates the lack of influence
of the vitamins used in conjunction with the
nitrogen sources and supported the results of the
qualitative studies. Further investigations are
necessary to determine more data on the reported
partial thiamine deficiency of M. audouini. This
study also indicates that the supposed partial
thiamine deficiency of M. audouini may be more
apparent than real.
SUMMARY AND CONCLUSIONS
A quantitative investigation of the nitrogen
and vitamin nutritional requirements of the
microsporuin group of fungi was performed with
a uniform measured spore suspension. A technic
was evolved for obtaining the dry weight of the
mycelial mat and spore suspension after a stand-
ard period of growth on artificial medium con-
taining individual nitrogen sources, with and
without vitamins. Striking differences in growth
findings between qualitative and quantitative
methods were observed. Casein hydrolysate and
Sabouraud controls, which contain many nutri-
tional factors in combination, produced weights
of mycelia and spores 3 to 30 times greater than
single amino acid and inorganic nitrogen sources.
The microsporum group appears to be auto-
trophic for vitamins. The partial thiamine defi-
ciency previously reported cannot be confirmed
with the strains of M. audouini or the technic
employed in this study.
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DISCUSSION
DR. MAURICE SULLIVAN (Baltimore, Md.): I
wish to congratulate Dr. Bereston and Dr. Robin-
son on this paper. I particularly like the spirit
in which it is presented, namely, one of self-
criticism.
As many of you remember, Dr. Bereston pre-
viously reported (Bereston, B.: J. Invest.
Dermat. 26: 461 (June) 1953) before this Society
that Microsporum audouini was thiamine defi-
cient, when casein hydrolysate was used as the
nitrogen source. However, the thiamine defi-
ciency was demonstrated only after repeated
transfers on thiamine deficient mediums. Six
transfers, that is, subcultures over a twelve week
period were necessary before there was deple-
tion. Bereston concluded from this experiment,
and I think erroneously, as he and Robinson
now realize, that only minute quantities of
thiamine were required by M. audouini. Some
doubt was cast on Bereston's original findings
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because of his multiple subculture technic. I was
particularly critical of his results for another
reason, namely, the qualitative nature of the
colony measurements. The diameters of the
colonies were measured and calculated as one,
two and three plus. Much of the nutritional work
on fungi in the past was done in this qualitative
way utilizing one, two and three plus measure-
ments of colonies produced. This is not a valid
way to measure growth differences. Such qualita.
tive measurements are valid only when some
growth and no growth are compared. Dr. Beres-
ton took my criticism graciously and seriously,
and with Dr. Robinson, repeated his experiments
of 1953 utilizing a quantitative technic by which
he and Robinson could measure differences in
colonies. That the findings of complete thiamine
deficiency for M. audouni could not be confirmed
was not suprising to me as I believe a lack of
growth after six subcultures on thiamine deficient
medium was not too convincing proof in the
first place.
DR. MARGARITA SILVA (New York, N. Y.): I
want to congratulate Dr. Bereston and his col-
laborator for this careful quantitative study of
the nutrition of dermatophytes. In defense of
previous workers on the nutrition of fungi, I
must say that colony diameter is also a quantita-
tive index of growth. It is true that some media
stimulate spreading colonies, others heaped-up
ones, but these differences can be taken into
account by replications and suitable controls.
This method is far less tedious than weighing the
dried mycelium, and comparative studies have
shown it to be reliable. It also has the advantage
of permitting observation of colony characters
and pleomorphism important in the identifica-
tion of dermatophytes and in judging the physio-
logical state of a given isolate.
DR. FREDERICK REIs5 (New York, N. Y.):
I am also joining the two previous speakers in
congratulating Dr. Bereston for the excellent
work.
I would like to ask him why he considers micro-
sporum as not being a thiamine deficient fungus.
It is well known that neopyrithiamin in as small
concentration as 0.1 of a gamma completely
suppresses the growth of Microsporum audouini.
How does this tie up with the first statement?
DR. NORMAN GOLDFARB (Forest Hills, N. Y.):
I would like to ask the question: what type of
spores were found with M. audouini, the micro-
spore or macroconidia, and how he accounted
for the larger per cent of that spore in M.
audouini?
DR. EUGENE S. BERESTON (in closing): I want
to thank Dr. Sullivan for his remarks. He has
been vitally interested in fungus nutrition and I
think he appreciates some of the difficulties we
had in developing this particular technic for this
type of study.
Dr. Silva intimates that she can get fairly
good readings with qualitative visual observa-
tions but I believe that from these quantitative
weights presented today you can see that the
visual observation method has certain limita-
tions. Visual observation can lead you astray to a
considerable degree, as it did in some of the
amino acid findings, when one compares the
quantitative and qualitative results. I feel that
visua observation may be an index as to growth
measurement which is the word that she used,
however for accurate results quantitative meas-
urement is the method of choice.
Dr. Reiss asked about the thiamine deficiency
of M. audouini in respect to the studies done by
Ulrich and Fitzpatrick in the earlier paper that I
reported on some years ago. I repeated the
titration that Ulrich and Fitzpatrick did and I
got the same results as they did. However, this
is the only way that you can apparently show
that M. audouini has a partial thiamine defi-
ciency, that is, by the use of thiamine antago-
nists. On the other hand, from every bit of
mycological evidence, quantitative or qualitative
we can not now, confirm this in any other way.
Dr. Goldfarb asked about the type of spores.
They were microspores. We did not find any
macrospores at all in the spore suspension. I
suspect some particles were not only spores but
bits of mycelia which also came through the
filter.
